Abstract. The geographical distribution of the metabolic syndrome (MetS) prevalence in young Mexicans (aged 17-24 years) was estimated stepwise starting from its prevalence based on the body mass index (BMI) in a study of 3,176 undergraduate students of this age group from Mexico City. To estimate the number of people with MetS by state, we multiplied its prevalence derived from the BMI range found in the Mexico City sample by the BMI proportions (range and state) obtained from the Mexico 2006 national survey on health and nutrition. Finally, to estimate the total number of young people with MetS in Mexico, its prevalence by state was multiplied by the share of young population in each state according to the National Population and Housing Census 2010. Based on these figures, we estimated the national prevalence of MetS at 15.8%, the average BMI at 24.1 (standard deviation = 4.2), and the prevalence of overweight people (BMI ≥25) of that age group at 39.0%. These results imply that 2,588,414 young Mexicans suffered from MetS in 2010. The Yucatan peninsula in the south and the Sonora state in the north showed the highest rates of MetS prevalence. The calculation of the MetS prevalence by BMI range in a sample of the population, and extrapolating it using the BMI proportions by range of the total population, was found to be a useful approach. We conclude that the BMI is a valuable public health tool to estimate MetS prevalence in the whole country, including its geographical distribution.
Introduction
The metabolic syndrome (MetS) involves certain clinical findings (dyslipidemia, hyperglycemia, hypertension and obesity) and constitutes a risk factor for diabetes and cardiovascular disease, including cardiac arrest. It is a major public health problem worldwide, mainly due to overfeeding and a sedentary lifestyle (Seidell, 2000; WHO, 2000; Popkin and GordonLarsen, 2004; Conrier et al., 2008; James, 2008; Low and Chin, 2009 ), but the details of the interaction between the factors involved in MetS are still largely unknown (Varga et al., 2009) . Although obesity, defined by the World Health Organization (WHO) as abnormal or excessive fat accumulation that may impair health (http://www.who.int/mediacentre/factsheets/fs311/en), is recognized as a major risk for early death (Ezzati et al., 2002) , its association with MetS is not constant. The American Heart Association (AHA) considers five associated factors (Table 1) of which obesity is not a mandatory part (Grundy et al., 2005; Alberti et al., 2009) . Despite this, there is strong evidence at the clinical as well as the biochemical levels that abdominal adiposity plays a central role in the development of MetS (Donath and Shoelson, 2011) .
The clinical entity of MetS has been questioned because of diagnostic imprecision (Reaven, 2005; Simmons et al., 2010; Reaven, 2011 Alberti et al., 2009). considered in the evaluation framework that includes insulin resistance pathophysiology, diabetes type 2 and cardiovascular disease (Cornier et al., 2008) . We also believe that knowing its geographical distribution should facilitate the design of public health strategies to manage resources optimally. Abdominal adiposity can be indirectly estimated through two measures: body mass index (BMI) and waist circumference. Both measures have weaknesses and strengths (Szarek et al., 2009 ) but since the former is the more widely applied and more public health data are available based on this parameter, we decided to focus on BMI. Since obesity has a correlation to MetS prevalence (Villalpando et al., 2007; Ntandou et al., 2009) , we investigated the differences in BMI range by geographical frequency to estimate how it varies depending on where in the country people live. Figure 1 shows schematically how all the datasets were utilized to harvest the information sought.
Materials and methods

In
The sample
The investigation to evaluate the health of young Mexicans was carried out from 2008 to 2010. The study sample included a total of 3,176 undergraduate students, 17 to 24 years-old, randomly chosen from two public universities, one located in the eastern part, the other in the northern part of the Mexico City metropolitan area. All participants signed an informed consent form.
Blood samples were taken for determination of glucose, high-density lipoproteins (HDL) and triglycerides. Anthropometric data (height, weight and waist circumference + blood pressure) were collected from each student by two physicians of the team (Murguía-Romero et al., 2010) . The blood samples were analyzed by CARPERMOR S.A. de C.V., a Mexican, internationally certified and accredited reference laboratory (http://www.carpermor.com.mx).
BMI calculation
The BMI was calculated for the Mexico City sample of 3,176 students and for the subjects in the records of the Mexico ENSANUT 2006, using the well-known formula:
where weight is measured in kilograms (kg) and the height in meters (m). Following the WHO recommendations, the BMI classes were divided into five groups underweight (<18.5); normal range; (divided in two subclasses: 18.5 to < 23.0, and 23.0 to < 25.0); preobese (25.0 to <30.0), and obese (≥30.0) (http:// apps.who.int/bmi/; WHO, 1986 WHO, , 1995 WHO, , 2004 . For both samples, only the records of persons within the target age range (17-24 years) were accepted for the study.
Estimating MetS prevalence
We estimated the MetS prevalence in the Mexico City study sample using an international definition according to Alberti et al. (2009) to create three classes (here referred to as "metabolic condition"). Students showing normal reference values (Table 1) were classified as "healthy", those with one or two results outside the normal as "undefined", and those with three or more results outside the normal limits as "MetS". We further disaggregated the data, presenting them in a 3 x 5 matrix of the percentages of people with the various metabolic conditions by BMI class. In order to estimate the numbers of 17-24 years old subjects in each of the three classes, including those with MetS by each state in Mexico, we extrapolated the matrix percentages to the BMI class percentages obtained from the ENSANUT 2006. The resulting proportions were multiplied by the total number of 17-24 years old in the country. To estimate the total Mexican population of the target age-range by state, we used the data from the 2010 National Population Census (http://www.censo2010.org.mx/) that presents the population in 5-year groups, choosing the ageranges of 15-19 years and 20-24 years, and the microdata sample that reports the age for each individual (http://www.inegi.org.mx/est/contenidos/espanol/soc/s is/microdatos). The first source revealed the total number of young people by state in two age ranges, 15-19 years and 20-24 years), and the second the proportion belonging to the age group of 17-19 years by state, making it possible to exclude the 15-16 years age group and thus arrive at the 17-24 years reference group we were targeting.
Results
MetS prevalence by BMI range
The MetS prevalence in the sample of 3,176 young people in Mexico City (Table 2, Fig. 2 ) is ascendant with respect to BMI, i.e. there were more obese subjects (48.6%) than underweight ones (0.6%). All BMI classes included MetS prevalence greater than zero and, as expected, the higher the BMI class, the greater the MetS prevalence. 
Population percentages by BMI range
The data from the Mexican ENSANUT 2006 allowed us to estimate the percentages of young population by BMI class in each state (Table 3) . At the national level, the estimated prevalence of underweight people was 5.7%, while those within the normal range were 55.3% and those classified as overweight (pre-obese + obese) were 39.0%. If the subdivisions are taken into account, the figures are 37.9% for normal range 1 with 17.4% for normal range 2, while the pre-obese and the obese were 26.5% and 12.5%, respectively. The percentages at the national level can be seen as the aggregation of the geographic components at the state level (Fig. 3) . As can be seen, there is a wide variation from low to high values, i.e. the underweight class runs from 1.6% (Yucatan) to 9.5% (Chihuahua), normal range 1 from 31.4% (Yucatan) to 44.8% (Hidalgo), normal range 2 from 11.4% (San Luis Potosi) to 23.5% (Puebla), pre-obese from 19.1% (Guerrero) to 35.0% (the State of Mexico), and obese runs from 8.1% (Hidalgo) to 17.1% (Tabasco). 
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Estimation of MetS prevalence by state
The MetS prevalence estimation based on BMI ranges was 15.8% for the whole country, varying from 13.3% in Chiapas to 18.4% in Quintana Roo (Fig. 4, Table 4 ). The states of Sonora and Tabasco plus those of the Yucatan peninsula (Campeche, Quintana Roo and Yucatan) showed the highest prevalence of MetS (>18%). Hidalgo, Nayarit and the southern States of Chiapas and Oaxaca showed the lowest MetS prevalence rates (<14%); while Sinaloa state showed the highest percentage of those regarded as healthy (28.8%). None of the states had a proportion higher than 30% belonging to the healthy category. The three big city states (Mexico State, Distrito Federal and Nuevo Leon) showed MetS prevalence rates above the national average (15.8%). Our estimate is that 2,588,414 of the Mexican population aged 17-24 years belong to the MetS category ( *Estimated number of people of the 17-24 year age group based on the National Population Census 2010 (http://www.censo2010.org.mx/) and the microdata sample of individual records of the national census (http://www.inegi.org.mx/est/contenidos/espanol/soc/sis/microdatos/).
Discussion
The association of MetS prevalence rates with BMI ranges was obtained from a sample representing only two geographic units (Mexico State and Distrito Federal) and this association was used to extrapolate estimates for all the other states of the country, based on the assumption that the geographical factors involved in the geographical variation of obesity are the same as those for MetS.
The ENSANUT 2006 is a valuable database for making geographical estimations for Mexico, both at the state and the country levels; nevertheless, we suspect that MetS prevalence calculated here could be overestimated, the reason being that ENSANUT is most probably biased due to the participation of nonhealthy people in the survey. Mexico's MetS map (Fig.  2) shows a qualitative comparison between the states, but more studies are needed to confirm or modify these results with more reliable data. The finding that all BMI classes include MetS prevalence greater than zero implies that obesity is not a mandatory factor of MetS. The fact that BMI classes "underweight" and "normal range" include MetS prevalence rates greater than zero, suggests that the naming of the BMI ranges is inadequate in the context of MetS. Thus, a more clear and contextualized meaning of the term "normal range" is required.
The methodology applied in this study recognizes clearly that there is a geographical variation of obesity (and all the other BMI classes as well). MetS and obesity have a non-homogeneous geographical distribution across the Mexican territory. Some regions present MetS prevalence higher than others resulting in a geographical pattern that can best be appreciated when judged from a map (Figs. 3 and 4) . Many factors are responsible for this pattern, and there is evidence that Mexicans are genetically predisposed to MetSrelated disorders as suggested by Goodarzi et al. (2004) and Weissglas-Volkov et al. (2010) . Particularly, the high prevalence estimated in southeastern Mexico could be the consequence of a genetic factor predisposing this population to MetS (SanchezCorona et al., 2004) . Such genetic pre-disposal should be seen in the context of lifestyle, e.g. the evolutionary forces that acted on ancient Americans act differently now as the current population is overfed, a completely different situation compared with that of 1,000 years earlier and before. Another fact to be considered with regard to the geographical distribution of the MetS is that of the Mexican culinary diversity and abundance, which shows vast geographical differences.
The finding of a non-homogeneous geographical MetS distribution in Mexico is very valuable since it emphasizes the need to adapt prevention strategies, as well as interventions, to the regional situation.
Conclusions
The estimated MetS prevalence for Mexico according to the method proposed is 15.8%. This prevalence can be geographically disaggregated, showing its variation at the state level from 13.3% to 18.4%. While the states of the peninsula of Yucatan (Campeche, Quintana Roo and Yucatan), plus Sonora and Tabasco, show the highest MetS prevalence in young Mexicans, the southern states (Chiapas and Oaxaca), plus Hidalgo and Nayarit, present the lowest. More than 2,5 million young people in Mexico are estimated to have MetS, which is a current challenge and a potentially future greater risk scenario from a public health point of view.
